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(57) ABSTRACT

A method and an apparatus for configuring uplink transmis-
sion power and apparatus in a mobile communication sys-
tem supporting downlink and uplink carrier aggregation are
provided. The method includes determining a per-terminal
maximum transmission power and per-serving cell maxi-
mum transmission powers based on AT as a value for
allowing an adjustment of additional transmission power for
multiple serving cells, Maximum Power Reduction, (MPR )
as a value determined according to an amount of transmis-
sion resources allocated to the terminal, and Additive-MPR
(A-MPR,) as a value determined according to local charac-
teristics and frequency band characteristics, determining
per-serving cell uplink transmission powers by restricting
required transmission powers for respective serving cells to
the corresponding per-serving cell maximum transmission
powers, comparing a sum of the per-serving cell uplink
transmission powers with the per-terminal maximum trans-
mission power, and adjusting the per-serving cell uplink
transmission powers according to comparison result.

16 Claims, 10 Drawing Sheets

s

[ ]

TTETIE RSN
TS RSN [
ORI RS
w

ks

TR

LTSS
ST
RN

G T

LTSRS

o [~
N

TEITE L TNGMSSON
FOVEIS RGP
RS

IS R W TAES
e Y
(it

NN ALDVED RAEHSSTT POUE U CFESFNOND
O COMEANLRD B R GARRER

s
T e, 111 UAPK AR 127

55

SR




US 9,468,018 B2
Page 2

(56)

7,196,792

7,986,958

8,811,249

9,107,175
2006/0094439
2006/0286994
2008/0175192
2009/0305709
2010/0034114
2010/0061480
2010/0215017
2010/0273515
2011/0051685
2011/0105140
2011/0148519
2011/0171988
2011/0243066

2012/0184327

U.S.

B2
B2
B2
B2 *
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al*

Al

References Cited

PATENT DOCUMENTS

3/2007
7/2011
8/2014
8/2015
5/2006
12/2006
7/2008
12/2009
2/2010
3/2010
8/2010
10/2010
3/2011
5/2011
6/2011
7/2011
10/2011

7/2012

Drevillon et al.
Heo et al.

Seo et al.

Kim
Christian

Kwak et al.
Roberts

Panico et al.
Kim et al.
Kashiwase et al.
Li et al.
Fabien et al.
Saitou
Cheon et al.
Drogi et al.
Kim et al.
Nayeb Nazar

Love et al.

HO04W 52/365

... HO4L 1/007

370/328

OTHER PUBLICATIONS

CATT, “Definition of Pcmax in CA”, 3GPP TSG-RAN WG4#57,
R4-104357, www.3gpp.org/fip/tsg_ ran/'WG4__radio/TSGR4__ 57/
Docs/R4-104357.zip, Nov. 9, 2010.

MediaTek Inc., “Analysis of PHR with Carrier Aggregation”, 3GPP
TSG-RAN WGI_RL1 RI1-105234, www.3gpp.org/ftp/tsg
ranWG1_RL1/TSGR1_62B/Docs/R1-105234.zip, Oct. 5, 2010.
QUALCOMM Incorporated, “Definition of Pcmax”, 3GPP TSG-
RAN WGA#57AH R4-110207, www.3gpp.org/ftp/tsg ran/WG4__
Radio/TSGR4_ 57AH/Docs/R4-110207.zip, Jan. 11, 2011.
Samsung, “PCMAX definition in CA”, 3GPP TSG-RAN
WGH#57AH R4-110257, www.3gpp.org/ftp/tsg_ ran/'WG4_Radio/
TSGR4_57AH/Docs/R4-110257 zip, Jan. 12, 2011.

Qualcomm Inc, “Definition of Pcmax,c”, 3GPP TSG-RAN WGIL
#63, R1-106348, Nov. 15-19, 2010, Jacksonville, FL. USA.
Qualcomm Inc, “Power Headroom Report for Rel. 107, 3GPP TSG-
RAN WG4 #57, R4-104126, Nov. 15-19, 2010, Jacksonville, FL.
USA.

* cited by examiner



US 9,468,018 B2

Sheet 1 of 10

Oct. 11, 2016

U.S. Patent

FIG. 1

25

1




U.S. Patent Oct. 11, 2016 Sheet 2 of 10 US 9,468,018 B2

FIG. 2
UE ENB
25—~ poce | | 0~ poce |
M~ RC || W RC | |
26—~ MAC | | 204 MAC | |
w4~ Py | | 25~ Py |

________________________________________




U.S. Patent Oct. 11, 2016 Sheet 3 of 10 US 9,468,018 B2

FIG. 3

310

CENTER FREQUENCY = f3

CENTER FREQUENCY = f1




U.S. Patent

FIG. 4

105
TVPE 1 MAﬂIﬁJM

Oct. 11, 2016

{
{
[

Sheet 4 of 10

US 9,468,018 B2

s
=S
8 Ex=
==
1=
=
o "n
== oy =
TYPE 1 FINAL TYPE 1 FINAL
TRANSMISSION POWER ~ TRANSMISSION POWER
FOR CARRIER 1 FOR CARRIER 2
=100 MW =150 MW
+4+4 + o+ +*<+44++4+44+ + +*4
‘444 + o+ +*444 +‘4 + o+ o+ +*4
+*+4 + 4 4*4‘*4 4+* 4+ o+ 4 4**
+4 it 3 3 <+4 ++4 it 3+ 3
/ / |
/ ! |
/ / |
/ / |
// / |
/ ; |
/ / |
/ /’ I
// / :
/ /
/ / |
/ / |
/ / I
/ / |
/ / |
4‘;‘4“&*¢+4+4‘¢+4+¢*4+4*¢+4+4*¢+4+¢‘4
4:+:<1+:+:4:¢:+141+:<}}:41‘:{4}:4
I N S I NN I I I
i 1\\ \\
,’ ,’ \ \
I o\ \
/ [N \
I o { \\ Lo \\
f N [ \ N \
= \ = \
\

TYPE 1 TRANSMISSION
POWER FOR /
CARRIER 1 =150 MW

TRANSMISSION

o

HEQUII% TRANSMISSION
POWER FOR UPLINK
TRANSMISSION 1= 150 MW

TYPE 1 TRANSMISSION
POWER FOR \

\ CARRIER 2 = 200 MW \

4444444444444444444

4444444444444444444

St ST
S T T T
+ A +
!
{
/
{
{
L)
=

REQUIRED TRANSMISSION
POWER FOR UPLINK
TRANSHISSION 2 = 250 MW

1 +
+
.

I T N
+ 44+ 44 + 4

aaaaaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaaaa

POWER FOR
CARRIER 1 = 200 MW

407

TYPE 1 mﬁ)ﬁ\num
TRANSMISSION

POWER FOR
CARRIER 2 = 200 MW




U.S. Patent Oct. 11, 2016 Sheet 5 of 10 US 9,468,018 B2

FIG. 5

605 510

UE ENB

010

UE CAPABILITY [INFUHNIATIOW(;N MAXIMUM TRANSMISSION
POWER AVAILABLE PER CARRIER, INFORMATION ON TYPE 2
MAXIMUM TRANSMISSION POWER)

020

‘MAXIMUM ALLOWED TRANSMI§§I6N POWER FOR CORRESPONDING
CELL OF CORRESPONDING CARRIER’ PER CARRIER

o
-

—
i}

DETERMINE TYPE 1 MAXIMUM
TRANSMISSION POWERS FOR  |~—525
CONFIGURED CARRIERS

030
—
UPLINK GRANT (CELL 1, T1] + UPLINK GRANT (CELL 2, T2)

A

DETERMINE LOWER LIMITS OF TYPE 1
MAXIMUM TRANSMISSION POWERS FOR  |~_ 535
TRANSMISSION-SCHEDULED CARRIERS AND
TYPE 2 MAXIMUM TRANSMISSION POWER

DETERMINE HIGHER LIS OF TYE 1
MAXIMUM TRANSMISSION POWERS FOR
CARRIERS AND TVPE 2 Waxmum [ 940
TRANSMISSION POWER

DETERMINE FINAL TRANSMISSION
POWERS FOR RESPECTIVE [ ™—949
CARRIERS




US 9,468,018 B2

Sheet 6 of 10

Oct. 11, 2016

U.S. Patent

GBI~

SUIMOd NOISSIWSNYHL

= SHIMOd NOISSINSNYHL | 3dAL 03IN03H

A

€9~

HIMOd NOISSINSNYHL WNINIXYIN
¢ 3dAL 01 TYN0 SHIMOd NOISSINSNYHL | 3dAL 40
NS I¥YIN 01 SHIMOd NOISSIWSNYHL | 3dAL 39N03Y

A

SIA

dIM0d NOI

| 3dAL
Ge9

WNWIXY ¢ IdAL < SHIMOd NOISSIAISNYHL

079~ SHIMOd NOISSINSNYL = SHIMOd NOISSINSNYHL | IdAL

SSIWSKYHL

10 WS ON

029~

SHIMOd NOISSIWSNYHL | 3dAL 40 WNS

G194

SHIMOd NOISSINSNYHL O3HINDIH
ONY SHIMOd NOISSIWISNYHL WNIWIXYI | 3dAL
NO 038v8 SHIMOd NOISSINSNYHL | 3dAL INIWHILIA

1

)

019~

SHIMOd NO

03HIND3Y H3H4YD WNIdN-H3d 31¥ININD

ISSIWSNYHL

[

)

G091

SHIIHHYI MNIdN
NdILTNIA HO4 ONYINIWOD NOISSIMISNYHL MNI1dN

9 DId



US 9,468,018 B2

Sheet 7 of 10

Oct. 11, 2016

U.S. Patent

RV N

HIAIFISNYHL
A A A A J
oL
Y Y Y
HITI0HNOD - HIXI1dILININAA/HIXTdILININ
] A A i f
, ol 02L
Y Y \i
d0SS3004d J0IA30 J3IA3d
I9¥SSIW 10H.INOD d3AY1 HIHOIH H3AV1 H3HOIH
— — <
GeL 0eL GéL
L "DId



U.S. Patent

Oct. 11, 2016 Sheet 8 of 10

US 9,468,018 B2

FIG. 8
BITMAP ~—805
Power Headroom ~—810
Pemax.c ~—815
Power Headroom ~—820

Pemax.c

~—825




US 9,468,018 B2

Sheet 9 of 10

Oct. 11, 2016

U.S. Patent

2XvNo 4
ZXVND g \\ XM g
40 JONYHD Ad
(034399141 SI YHd WwooJpesH lamod
N3HM ATNO LHOd3H
29XV 4
WwooJpesH lamod
dvVNLLIE
016

6 OId

oxdd |HISNI

u.x<_>_on_

wooJlpeaH 1amod
dYIN1lg




US 9,468,018 B2

Sheet 10 of 10

Oct. 11, 2016

U.S. Patent

Y

HHd LIWSNYHL

|

SXVND 4 Ny * © XYW g ‘SHd BNINTONI HHd ILYHINTD

(13

~ i
Gzol

S

XV d (INY SHd DNIONTONI HHd ILYHINID

¢} < THD INIAHIS MNITdN IALLIY 40 HIAWNN

~ i
0z0l

ON

0101~

NOISSIWSNYHL XNITdN 40 JONALSIX
10 NOILYHIQISNOD NI COH.IW QINIWHILIOIHd
01 INIOH0IIY] Hd THI INIAHIS-HId IL¥INITYI

|

G001~

ANTYA 0INIWHI1303Hd HIAO
exviidd 40 JINYHO AG HHd 4399141

0L "OId




US 9,468,018 B2

1
UPLINK TRANSMISSION POWER
CONFIGURATION METHOD AND
APPARATUS FOR MOBILE
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation application of prior U.S. patent
application Ser. No. 13/347,990, filed Jan. 11, 2012, which
issued as U.S. Pat. No. 9,107,175 on Aug. 11, 2015, and
which claims the benefit under 35 U.S.C. §119(e) of U.S.
Provisional patent application No. 61/431,635 filed on Jan.
11, 2011 in the U.S. Patent and Trademark Office, and under
35 U.S.C. §119(a) of a Korean patent application filed on
Sep. 27, 2011 in the Korean Intellectual Property Office and
assigned Ser. No. 10-2011-0097409 and a Korean patent
application filed on Dec. 26, 2011 in the Korean Intellectual
Property Office and assigned Serial No. 10-2011-0142069,
the entire disclosure of each of which is hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an uplink transmission
power configuration method and apparatus of a mobile
communication system. More particularly, the present
invention relates to a method and apparatus for configuring
uplink transmission power in a mobile communication sys-
tem supporting downlink and uplink carrier aggregation.

2. Description of the Related Art

Mobile communication systems were originally devel-
oped to provide subscribers with voice communication
services on the move. With the rapid advancement of various
technologies, the mobile communication systems have
evolved to support high speed data communication services
as well as the voice communication services.

Recently, a next generation mobile communication sys-
tem of the 3rd Generation Partnership Project (3GPP),
referred to as a Long Term Evolution (LTE) system, is under
development. The LTE system is a technology for realizing
high-speed packet-based communication at about 100 Mbps.
Recently, an LTE-Advanced (LTE-A) system is actively
discussed as an evolution of the LTE system. The LTE-A
system employs new techniques to increase the data rate.
Hereinafter, both the legacy LTE system and LTE-A system
are referred to as the LTE system. The LTE system employs
carrier aggregation as one of the significant technologies to
meet broader bandwidth requirements. The carrier aggrega-
tion is a technology for a User Equipment (UE) to transmit/
receive data over multiple carriers. More specifically, the UE
transmits/receives data in cells using carriers that are aggre-
gated (for cells under the control of the same evolved Node
B (eNB)). This means that the UE transmits/receives data in
multiple cells.

In a mobile communication system of the related art, the
single carrier uplink transmission power of a UE is calcu-
lated based on the scheduled resource amount, coding rate,
and channel condition. The UE determines the final uplink
transmission power by limiting the calculated transmission
power to a predetermined maximum transmission power.

However, the uplink transmission power configuration
technique of the related, which is designed for single carrier
uplink transmission, is not appropriate for the multicarrier
uplink transmission. Therefore, there is a need for a method
for configuring uplink transmission power per uplink carrier
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2

in the system supporting uplink carrier aggregation that is
capable maintaining a UE’s required transmission power as
much as possible while minimizing interference between
frequency bands or cells.

SUMMARY OF THE INVENTION

Aspects of the present invention are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the present invention is to provide a
method and apparatus for determining per-carrier uplink
transmission power of a User Equipment (UE) in a mobile
communication system supporting carrier aggregation.

Another aspect of the present invention is to provide a
method and apparatus for determining per-carrier uplink
transmission power that is capable of securing the transmis-
sion power required for multicarrier uplink transmission
while minimizing inter-carrier interference.

In accordance with an aspect of the present invention, a
method for determining uplink transmission power of a
terminal is provided. The method includes determining a
per-terminal maximum transmission power and per-serving
cell maximum transmission powers based on AT . as a
value for allowing an adjustment of additional transmission
power for multiple serving cells, Maximum Power Reduc-
tion, (MPR_) as a value determined according to an amount
of transmission resources allocated to the terminal, and
Additive-MPR . (A-MPR) as a value determined according
to local characteristics and frequency band characteristics,
determining per-serving cell uplink transmission powers by
restricting required transmission powers for respective serv-
ing cells to the corresponding per-serving cell maximum
transmission powers, comparing a sum of the per-serving
cell uplink transmission powers with the per-terminal maxi-
mum transmission power, and adjusting the per-serving cell
uplink transmission powers according to comparison result.

Preferably, the per-terminal maximum transmission
power is determined in consideration of at least one of
P(Power management)-MPR applied for fulfilling a Specific
Absorption Rate (SAR) requirement, the AT, the MPR_,
and the A-MPR..

In accordance with another aspect of the present inven-
tion, a method for determining uplink transmission power of
a terminal is provided. The method includes determining a
per-terminal maximum transmission power with per-serving
cell maximum transmission powers based on P-MPR
applied for fulfilling a SAR requirement, AT as a value for
allowing an adjustment of additional transmission power for
multiple serving cells, MPR_ as a value determined accord-
ing to an amount of transmission resources allocated to the
terminal, and A-MPR_ as a value determined according to
local characteristics and frequency band characteristics,
determining per-serving cell uplink transmission powers by
restricting required transmission powers for respective serv-
ing cells to the corresponding per-serving cell maximum
transmission powers, comparing a sum of the per-serving
cell uplink transmission powers with the per-terminal maxi-
mum transmission power, and adjusting the per-serving cell
uplink transmission powers according to comparison result.

Preferably, the per-serving cell maximum transmission
powers are determined using at least one of the AT, the
MPR_, and the A-MPR_.

In accordance with still another aspect of the present
invention, an apparatus for determining uplink transmission
power is provided. The apparatus includes a transceiver
which transmits and receives data and control signals in
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multiple serving cells, and a controller which determines,
when an uplink transmission message is received by the
transceiver, a per-terminal maximum transmission power
and per-serving cell maximum transmission powers using
parameters related to frequencies or frequency bands of cells
having uplink transmission, which determines per-serving
cell uplink transmission powers by comparing required
transmission powers for respective serving cells with cor-
responding per-serving cell maximum transmission powers,
which determines final per-serving cell uplink transmission
powers by comparing a sum of the per-serving cell uplink
transmission powers with the per-terminal maximum trans-
mission power, and which controls the transceiver to per-
form uplink transmission according to the final per-serving
cell uplink transmission powers.

Preferably, the per-serving cell maximum transmission
powers are determined based on AT._ as a value for
allowing an adjustment of additional transmission power for
multiple serving cells, MPR  as a value determined accord-
ing to an amount of transmission resources allocated to the
terminal, and A-MPR_ as a value determined according to
local characteristics and frequency band characteristics.

Preferably, the per-terminal maximum transmission
power is determined in consideration of P-MPR applied for
fulfilling a SAR requirement, AT as a value for allowing
adjustment of additional transmission power for multiple
serving cells, MPR_ as a value determined according to an
amount of transmission resources allocated to the terminal,
and A-MPR_ as a value determined according to local
characteristics and frequency band characteristics.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses exemplary
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating an architecture of a mobile
communication system according to an exemplary embodi-
ment of the present invention;

FIG. 2 is a diagram illustrating a protocol stack of a
mobile communication system according to an exemplary
embodiment of the present invention;

FIG. 3 is a diagram illustrating an exemplary situation of
carrier aggregation in a mobile communication system
according to an exemplary embodiment of the present
invention;

FIG. 4 is a diagram illustrating a principle of determining
uplink transmission power in multicarrier transmission of a
User Equipment (UE) according to a first exemplary
embodiment of the present invention;

FIG. 5 is a signaling diagram illustrating a method for
determining uplink transmission power of a UE according to
the first exemplary embodiment of the present invention;

FIG. 6 is a flowchart illustrating a method for determining
uplink transmission power of a UE according to the first
exemplary embodiment of the present invention;

FIG. 7 is a block diagram illustrating a configuration of a
UE according to the first exemplary embodiment of the
present invention;

FIG. 8 is a diagram illustrating a structure of a Power
Headroom Report (PHR) for use in an uplink transmission
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4

power configuration method according to an exemplary
embodiment of the present invention;

FIG. 9 is a diagram illustrating a structure of a PHR for
use in an uplink transmission power configuration method
according to a second exemplary embodiment of the present
invention; and

FIG. 10 is a flowchart illustrating a method for transmit-
ting a PHR according to the second exemplary embodiment
of the present invention.

Throughout the drawings, it should be noted that like
reference numbers are used to depict the same or similar
elements, features, and structures.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description with reference to the accom-
panying drawings is provided to assist in a comprehensive
understanding of exemplary embodiments of the invention
as defined by the claims and their equivalents. It includes
various specific details to assist in that understanding but
these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various
changes and modifications of the embodiments described
herein can be made without departing from the scope and
spirit of the invention. In addition, descriptions of well-
known functions and constructions may be omitted for
clarity and conciseness.

The terms and words used in the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it
should be apparent to those skilled in the art that the
following description of exemplary embodiments of the
present invention is provided for illustration purpose only
and not for the purpose of limiting the invention as defined
by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surfaces.

Exemplary embodiments of the present invention relate to
a method for configuring uplink transmission power per
uplink carrier in a mobile communication system supporting
carrier aggregation.

FIG. 1 is a diagram illustrating an architecture of'a mobile
communication system according to an exemplary embodi-
ment of the present invention.

Referring to FIG. 1, the radio access network of the
mobile communication system includes evolved Node Bs
(eNBs) 105, 110, 115, and 120, a Mobility Management
Entity (MME) 125, and a Serving-Gateway (S-GW) 130.
User Equipment (UE) 135 connects to an external network
via eNBs 105, 110, 115, and 120 and the S-GW 130.

The eNBs 105, 110, 115, and 120 correspond to legacy
node Bs of a Universal Mobile Communications System
(UMTS). The eNBs 105, 110, 115, and 120 allow the UE
135 to establish a radio link and are responsible for com-
plicated functions as compared to the legacy node B. In a
Long Term Evolution (LTE) system, all the user traffic
including real time services such as Voice over Internet
Protocol (VoIP) are provided through a shared channel and
thus there is a need for a device which is located in the eNB
to schedule data based on the state information such as at
least one of UE buffer conditions, power headroom state,
channel state, etc. Typically, one eNB controls a plurality of
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cells. In order to secure the data rate of up to 100 Mbps, the
LTE system adopts Orthogonal Frequency Division Multi-
plexing (OFDM) as a radio access technology. Also, the LTE
system adopts Adaptive Modulation and Coding (AMC) to
determine the modulation scheme and channel coding rate in
adaptation to the channel condition of the UE.

The S-GW 130 is an entity that provides data bearers so
as to establish and release data bearers under the control of
the MME 125. The MME 125 is responsible for various
control functions and is connected to the eNBs 105, 110,
115, and 120.

FIG. 2 is a diagram illustrating a protocol stack of a
mobile communication system according to an exemplary
embodiment of the present invention.

Referring to FIG. 2, the protocol stack of the LTE system
for use by a UE and an eNB includes a Packet Data
Convergence Protocol (PDCP) layer 205 and 240, a Radio
Link Control (RLC) layer 210 and 235, a Medium Access
Control (MAC) layer 215 and 230, and a Physical (PHY)
layer 220 and 225. The PDCP layer 205 and 240 is respon-
sible for Internet Protocol (IP) header compression/decom-
pression. The RLC layer 210 and 235 is responsible for
segmenting the PDCP Protocol Data Unit (PDU) into seg-
ments of an appropriate size for an Automatic Repeat
Request (ARQ) operation. The MAC layer 215 and 230 is
responsible for establishing connection to a plurality of RLC
entities so as to multiplex RL.C PDUs into MAC PDUs and
demultiplex the MAC PDUs into RLC PDUs. The PHY
layer 220 and 225 performs channel coding on the MAC
PDU and modulates the MAC PDU into OFDM symbols to
transmit over a radio channel or performs demodulating and
channel-decoding on received OFDM symbols and delivers
the decoded data to a higher layer.

FIG. 3 is a diagram illustrating an exemplary situation of
carrier aggregation in a mobile communication system
according to an exemplary embodiment of the present
invention.

Referring to FIG. 3, typically an eNB can use multiple
carriers transmitted and received in different frequency
bands. For example, the eNB 305 can be configured to use
the carrier 315 with center frequency fl and the carrier 310
with center frequency f3. If carrier aggregation is not
supported, the UE 330 transmits/receives data using one of
the carriers 310 and 315. However, the UE 330 having the
carrier aggregation capability can transmit/receive data
using both of the carriers 310 and 315. The eNB can increase
the amount of the resources to be allocated to the UE having
the carrier aggregation capability in adaptation to the chan-
nel condition of the UE so as to improve the data rate of the
UE.

In a case where a cell is configured with one downlink
carrier and one uplink carrier as a concept of the related art,
the carrier aggregation can be understood as if the UE
communicates data via multiple cells. With the use of carrier
aggregation, the maximum data rate increases in proportion
to the number of aggregated carriers.

In the following description, the phrase “the UE receives
data through a certain downlink carrier or transmits data
through a certain uplink carrier” means to transmit or
receive data through control and data channels provided in
a cell corresponding to center frequencies and frequency
bands of the downlink and uplink carriers. Although the
description is directed to an LTE mobile communication
system for explanation convenience, the present invention
can be applied to other types of wireless communication
systems supporting carrier aggregation. Exemplary embodi-
ments of the present invention propose a method and appa-
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ratus for determining uplink carrier transmission power per
carrier in uplink transmission of the UE.

In the mobile communication system, a UE calculates a
required transmission power for single carrier uplink trans-
mission. The uplink transmission power of the UE is deter-
mined by restricting the required transmission power below
a predetermined maximum transmission power. The maxi-
mum transmission power is the UE-specific maximum trans-
mission power determined depending on the power class of
the UE and is determined in consideration of at least one of
transmission power reduction (or transmission power back-
off) for restricting a cell-specific maximum transmission
power, spurious emission caused by the UE’s uplink trans-
mission below certain levels, a Specific Absorption Rate
(SAR, for controlling influence of the electromagnetic wave
to human body below predetermined levels), etc. The
required transmission power is the transmission power cal-
culated based on at least one of a given transmission
resource, a Modulation and Coding Scheme (MCS) level, a
path loss, etc., available for the scheduled uplink transmis-
sion. For example, if uplink transmission is scheduled for a
UE at a certain time point, the UE calculates required
transmission power based on at least one of the given
transmission resource, the MCS level, the path loss, etc.

A first exemplary embodiment of the present invention
proposes a method and apparatus for configuring uplink
transmission power of a UE based on a SAR.

First Exemplary Embodiment

A description is made of the method for determining
uplink transmission power in case where multiple serving
cells perform uplink transmission in consideration of SAR
requirements while maintaining compatibility with an
uplink transmission power determination process of the
related art that is designed for single serving cell environ-
ment. In a case of multicarrier uplink transmission, i.e., if a
multicarrier uplink scheduling command for performing
uplink transmission in one or more cells (hereinafter, receiv-
ing uplink scheduling for a certain cell means being allo-
cated uplink transmission resources and MCS level in the
cell), the UE calculates the required transmission power per
uplink using the same method as the calculation method of
the related art. The UE restricts the required transmission
power below a predetermined maximum allowed transmis-
sion power.

In the first exemplary embodiment of the present inven-
tion, the maximum allowed transmission power per serving
cell is referred to as a type 1 maximum transmission power.
The UE compares the sum of the values restricted to the type
1 maximum transmission power with another maximum
allowed transmission power. Here, the other maximum
allowed transmission power is applied to all of the UEs and
is referred to as type 2 maximum transmission power. If the
sum of the required transmission powers restricted to the
type 1 maximum transmission power is greater than the type
2 maximum transmission power, the UE reduces the uplink
transmission powers to be equal to the type 2 maximum
transmission power according to a predetermined method.
For this purpose, the UE determines the type 1 maximum
transmission power and type 2 maximum transmission
power as follows.

The UE determines parameters such as a Maximum
Power Reduction (MPR) and Additive-Maximum Power
Reduction (A-MPR) that can be commonly applied to every
cell. The UE applies the same MPR and A-MPR to the cells
in which uplink transmissions are scheduled. In order to
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configure the type 2 maximum transmission power, the UE
determines the A-MPR (or P-MPR) as a separate transmis-
sion power reduction parameter for fulfilling a SAR and
applies the determined value. Also, in order to configure the
type 2 maximum transmission power, the UE uses a value
derived from maximum allowed UE transmission powers
(Pzazsx) and nominal UE power (Pp,..c.s.) i the serving
cells in which uplink transmissions are scheduled.

FIG. 4 is a diagram illustrating a principle of determining
uplink transmission power in multicarrier transmission of a
UE according to a first exemplary embodiment of the
present invention.

If an uplink scheduling command for uplink transmis-
sions in serving cells 1 and 2 is received, the UE determines
its uplink transmission power. In the following description,
the terms “carrier” and “cell” are used interchangeably. The
term “serving cell” denotes the cell in which downlink and
uplink transmissions or downlink transmission are (is)
scheduled for the UE configured with carrier aggregation.

The UE determines the type 1 maximum transmission
powers for the serving cells 1 and 2. FIG. 4 is depicted under
the assumption that the type 1 maximum transmission power
405 of the serving cell 1 (i.e., carrier 1) and the type 1
maximum transmission power 407 of the serving cell 2 (i.e.,
carrier 2) are 200 mW. Here, the type 1 maximum trans-
mission powers 405 and 407 can be different from each
other. How to determine the type 1 maximum transmission
powers 405 and 407 of the respective serving cells are
described further below in more detail. In a case where the
frequency bands of the serving cells 1 and 2 are identical
with each other, the same MPR and A-MPR are used to
determine the type 1 maximum transmission power.

For this purpose, the UE calculates the required transmis-
sion power of each serving cell. In this exemplary embodi-
ment, it is assumed that the required transmission powers
410 and 415 of serving cells 1 and 2 are 150 mW and 250
mW, respectively. Since the required transmission powers
410 and 415 are calculated using the same method as the
required transmission power determination method, a
detailed description thereof is omitted.

The UE compares the required transmission powers 410
and 415 with the type 1 maximum transmission powers 405
and 407 of the respective serving cells. If the required
transmission powers 410 and 415 are greater than the type
1 maximum transmission powers 405 and 407 respectively,
the UE sets the uplink transmission powers 420 and 425 to
type 1 maximum transmission powers 405 and 407. Other-
wise, if the required transmission powers 410 and 415 are
equal to or less than the type 1 maximum transmission
powers 405 and 407 respectively, the UE sets the uplink
transmission power 420 and 425 to the required transmission
power 410 and 415. In the following description, the
required transmission power per serving cell which is
restricted to the corresponding type 1 maximum transmis-
sion power (i.e., the minimum value between the required
transmission power and type 1 maximum transmission
power) is referred to as the type 1 transmission power of the
serving cell.

In the exemplary case of FIG. 4, the required transmission
power 410 of 150 mW is less than the type 1 maximum
transmission power 405 of 200 mW in the serving cell 1.
Accordingly, the UE sets the type 1 uplink transmission
power 420 of the serving cell 1 to the required transmission
power 410 of 150 mW.

Meanwhile, the required transmission power 415 of 250
mW is greater than the type 1 maximum transmission power
407 of 200 mW. Accordingly, the UE sets the type 1 uplink
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transmission power 425 of the serving cell 2 to the type 1
maximum transmission power 407 of 200 mW.

Afterward, the UE determines whether the sum of the type
1 uplink transmission powers 420 and 425 of the respective
serving cells is greater than the type 2 maximum transmis-
sion power 430. The type 2 maximum transmission power
430 is configured per UE. The type 2 maximum transmission
power is determined in consideration of at least one of
P-MPR, Po_ . crciass a0d Pryryy of the serving cells. If the
sum of the type 1 uplink transmission powers 420 and 425
is equal to or less than the type 2 maximum transmission
power 430, the UE sets the uplink transmission powers 435
and 440 as the type 1 uplink transmission powers 420 and
425 of the respective serving cells. Otherwise, if the sum of
the type 1 uplink transmission powers 420 and 425 is greater
than the type 2 maximum transmission power 430, the UE
reduces the sum of the type 1 uplink transmission powers
420 and 425 so as to match the type 2 maximum transmis-
sion power 430 according to a predetermined method. In the
exemplary case of FIG. 4, if the type 2 maximum transmis-
sion power 430 is 250 mW, the sum of the type 1 uplink
transmission powers (350 mW) should be reduced by as
much as 100 mW. The UE restricts the sum of the type 1
uplink transmission powers 420 and 425 to 250 mW using
a predetermined method, e.g., reducing the same amount of
power. In the exemplary case of FIG. 4, the final uplink
transmission power of the carrier 1 becomes 100 mW while
the final uplink transmission power of the carrier 2 becomes
150 mW.

A description is made below of the method for determin-
ing the type 1 maximum transmission power and the type 2
maximum transmission power.

Type 1 Maximum Transmission Power
Determination Method

The type 1 maximum transmission power of a serving cell
¢ (Peagax,) is determined according to formula (1). In
formula (1), the upper limit of the type 1 maximum trans-
mission power(Py/4x 77.) 15 determined according to for-
mula (2). The lower limit of type 1 maximum transmission
power (P y ;) is determined according to formula (3).
m,

Penrax 1.05P cvax, =P carax_me

@,

P CMAX,H,CZMIN{P EMAX,C:P PowerClass}

Perpax 1oMIN{P ey ~ATc o Poyrax o~ MPR~

A-MPR -ATc,} 3),

where Pryrix o Prowerciasss Al c..o MPR, and A-MPR _ are as
follows.

Prarsx, denotes a maximum allowed UE transmission
power in the serving cell ¢ which an eNB notifies the UE of
Proerciass denotes a nominal UE power determined depend-
ing on the physical characteristics of the UE. The power
class of a UE is determined at the manufacturing state, and
the UE reports its power class to the network using a
predetermined Radio Resource Control (RRC) message.

AT. . MPR_, and A-MPR_ are parameters defining a
limitation value for calculating maximum transmission
power in the serving cell ¢ in order to restrict unintended
emission or interference to an adjacent channel to within a
certain requirement. In more detail, AT is the value for
allowing additional transmission power adjustment in a case
where uplink transmission is performed on the edges of a
frequency band. For example, if the uplink transmission is
performed in a bandwidth corresponding to the lowest or
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highest 4 MHz of a certain frequency band, the UE sets
AT, to 1.5 dB and the rest to 0.

MPR,, is the value which is determined based on the
amount (i.e., bandwidth) and modulation scheme of the
transmission resources allocated to the UE. A-MPR_, is the
value which is determined based on the frequency band with
uplink transmission, local characteristics, and uplink trans-
mission bandwidth. The A-MPR_ is used for preparing
frequency bandwidth particularly sensitive to spurious emis-
sion according to local characteristics and frequency band
characteristics.

In a case where multiple serving cells are involved in
uplink transmission, the aforementioned parameters can be
determined per cell. If the cells involved in the uplink
transmission are operating on the same frequency band (the
frequency band of a certain cell means the entire frequency
resource used for data transmission/reception in the cell) and
adjacent to each other (e.g., uplink frequency band of cell 1
is x~x+y MHz and uplink frequency band of cell 2 is
X+y~x+y+z MHz), the same AT, ., MPRc, and A-MPRc are
commonly applied to the serving cells. In this case, these
parameters are determined at a time even though multiple
cells are involved in the uplink transmission.

AT, MPR_, and A-MPR_ are closely associated with the
frequency or frequency band of the cell involved in uplink
transmission (e.g., whether the uplink transmission is per-
formed at the edge of a given frequency bandwidth), or size
and position of the frequency resources for uplink transmis-
sion. If n cells are operating on contiguous frequency bands
in the same frequency bandwidth, it can be interpreted that
n cells are equal to a cell having n-fold frequency band.
Accordingly, when the uplink transmission is performed in
the cells allocated adjacent frequency bands, it can be
modeled that the uplink transmission is performed on the
frequency band of one cell which corresponds to the fre-
quency bands allocated the multiple cells. That is, if the cell
1 (frequency band=x~x+y MHz) and the cell 2 (frequency
band=x+y~x+y+z MHz) are involved in the uplink trans-
mission, the UE determines AT._, MPR_ and A-MPR_
under the assumption of a virtual cell (frequency band=x~x+
y+z MHz). Afterward, the UE determines the type 1 maxi-
mum transmission powers of the cells 1 and 2 using AT,
MPR,, and A-MPR_.

Type 2 Maximum Transmission Power
Determination Method

The type 2 maximum transmission power P, , s, of the
UE for uplink transmission in multiple cells is determined
according to formula (4). In formula (4), the upper limit of
type 2 maximum transmission power P, ., 5 is deter-
mined according to formula (5). The lower limit of type 2
maximum transmission power P.,..:» ; 1s determined
according to formula (6). -
®),

Penraxo 15P caraxo<Poaaxe

Peagso = MIN{Pgar30.P power Ciass ) ®,
Peppaxo 1 MIN{Prypix0 z~P-MPR Highest
Peagax 1o}

(6

Pzasax 1s the parameter denoting maximum allowed UE
transmission power signaled per cell. Since P, ;- is of the
simultaneous uplink transmissions of multiple cells, it is not
clear which P, should be used as P, 5». Accordingly,
Prarsx.c 18 set to the value selected in consideration of
Prassx.. of the cells involved in the uplink transmission. For
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example, the highest one among the Pz, . of the cells
involved in the uplink transmission can be selected as
Prarixn- Of course another method can be used for deter-
mining Pry/yx.. Here, Pryrysn 5 can be defined as the value
derived from the P, .., and P easax,e S of all of the cells
involved in the uplink transmission. For example, the high-
est one among the Pg, . s of all of the cells can be
selected as Pry/yvm 2

P-MPR is the transmission power reduction value applied
for fulfilling a SAR requirement and is determined in
consideration of the distance between the device and the
human body. If the distance between the device and the
human body becomes close, then P-MPR is set to a rela-
tively high value since the total transmission power should
be decreased. In contrast, if the distance between the device
and the human body become far, P-MPR is set to a relatively
low value since the total transmission power should be
increased.

P-MPR is the parameter for controlling a total amount of
electromagnetic energy being radiated from a device.
Accordingly, it is preferred to use P-MPR as the parameter
for adjusting P, - restricting the entire uplink transmis-
sion power of the device rather than as the parameter for
adjusting Pcy.yx. for restricting the per-cell transmission
power of the device. If Py, is adjusted with P-MPR, it
may incur a side effect from using an unnecessarily high
P-MPR.

Assuming P, . of 100 mW for cell 1 and P, . of
200 mW for cell 2 without consideration of P-MPR, P+~
ot 200 mW for uplink transmission of UE in the cells 1 and
2, and final transmission power of 150 mW for satisfying the
SAR, the P-MPR should be set to 50 mW for cell 1 and 100
mW for cell 2 in order to match the final transmission power
of 150 mW by applying the P-MPR to Py, .. However,
the final transmission power obtained using these values
may not have an inappropriate value. That is, if the required
transmission powers for both the cells 1 and 2 are 100 mW,
the final transmission powers for the cells 1 and 2 that are
obtained by applying the P-MPR separately become 50 mW
and 100 mW respectively. This means that the transmission
power reduction occurs only for the cell 1. In contrast, if the
P-MPR is applied to P,,,+», the sum of the type 1 trans-
mission power of 100 mW for cell 1 and the type 1
transmission power of 100 mW for cell 2 is limited to
P caraxs adjusted by P-MPR, i.e., 150 mW. Accordingly, the
transmission power reduction is applied for the cells 1 and
2, resulting in final transmission power of 75 mW for both
the cells 1 and 2. This means that it is preferred to apply
P-MPR to P_,,, s for configuring transmission power of the
UE.

As described above, the UE determines P, by apply-
ing at least one of P,,,+’s for the cells involved in uplink
transmission, Pp, . cr0ss P-MPR, AT._, MPR_, and
A-MPR,.

FIG. 5 is a signaling diagram illustrating a method for
determining uplink transmission power of a UE according to
the first exemplary embodiment of the present invention.
The mobile communication system depicted in FIG. 5
includes a UE 505 supporting multicarrier uplink transmis-
sion and an eNB 510 supporting carrier aggregation.

Referring to FIG. 5, the UE 505 sends the eNB 510 a
message such as UE capability report message carrying the
information on type 1 maximum transmission power and
type 2 maximum transmission power in step 515. The
information on the type 2 maximum transmission power is
the information provided for the eNB 510 to check the type
2 maximum transmission power of the UE 505. The infor-
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mation on the type 2 maximum transmission power can be
the information directly indicating the type 2 maximum
transmission power or the information on the Power Class of
the UE 505.

The eNB 510 sends the UE 505 information on the maxim
allowed transmission power Py, .. per serving cell, i.e.,
carrier, in step 520. P, . is the parameter indicating the
maximum allowed UE output power for cell ¢ in consider-
ation of inter-cell interference. P, . can be transmitted to
the UE 505 in system information or in a predetermined
control message for the redundant serving cells configured
for the UE 505. In more detail, when the UE has only one
serving cell before aggregating carriers, the Py, for the
corresponding cell can be acquired in the system informa-
tion of the corresponding cell. However, Py, . for the
serving cells of which carriers are newly aggregated can be
informed through a peer to peer control message, i.e., a RRC
CONNECTION RECONFIGURATION message, transmit-
ted from the eNB to the UE.

The UE 505 determines the type 1 maximum transmission
power per carrier using Py, .and Py, s, provided by
the eNB 510 in step 525. The upper limit of the type 1
maximum transmission power is determined according to
formula (2). Afterward, the UE receives an uplink schedul-
ing command instructing uplink transmission in multiple
serving cells from the eNB 510 in step 530. For example, the
UE 515 receives the uplink grant (CELL 1, t1) instructing
the uplink transmission in cell 1 of carrier 1 at time t1 and
the uplink grant (CELL 1, t2) instructing the uplink trans-
mission in cell 2 of carrier 2 at time t2.

The UE 505 determines the lower limits of the type 1
maximum transmission powers for the carriers on which
transmission is scheduled and type 2 maximum transmission
power in step 535. In more detail, if the frequency bands of
the cells involved in the uplink transmission are adjacent
with each other in a given frequency bandwidth, the UE
determines a set of AT, ., MPR_, and A-MPR,_, in consider-
ation of the conditions of the two cells. Next, the UE
determines the lower limit of the type 1 maximum trans-
mission power for the serving cells using formula (3). The
UE 505 also determines the type 2 maximum transmission
power according to formulas (4) to (6).

Next, the UE 505 determines the type 1 maximum trans-
mission powers for carriers and type 2 maximum transmis-
sion power in step 540. Finally, the UE determines the final
transmission power per carrier in step 545. In more detail,
the UE 505 determines the uplink transmission power per
serving cell using the selected type 1 maximum transmission
power and type 2 maximum transmission power. The UE
505 calculates the required transmission power per serving
cell. Next, the UE 505 limits the required transmission
power to the type 1 maximum transmission power for the
corresponding serving cell so as to determine the type 1
uplink transmission power per serving cell. The UE 505
calculates the sum of the per-cell type 1 uplink transmission
powers and compares the sum of the per-cell type 1 uplink
transmission powers with the type 2 maximum transmission
power. If the sum of the per-cell type 1 uplink transmission
powers is equal to or less than the type 2 maximum
transmission power, the UE determines the per-cell type 1
uplink transmission powers as the uplink transmission pow-
ers of the serving cells. If a sum of the per-cell type 1 uplink
transmission powers is greater than the type 2 maximum
transmission power, the UE performs transmission power
reduction on the per-cell type 1 uplink transmission powers
to limit the sum of the per-cell type 1 uplink transmission
powers to the type 2 maximum transmission power.
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FIG. 6 is a flowchart illustrating a method for determining
uplink transmission power of a UE according to the first
exemplary embodiment of the present invention.

Referring to FIG. 6, the UE receives a command for
multicarrier uplink transmission in step 605. Upon receipt of
the multicarrier uplink transmission command, the UE
determines uplink transmission power in step 610.

At step 610, the UE calculates required transmission
power per uplink carrier. Next, the UE determines type 1
transmission powers based on per-carrier type 1 maximum
transmission powers and per-carrier required transmission
powers in step 615. That is, the UE determines the minimum
value between the type 1 maximum transmission power and
the required transmission power for the corresponding car-
rier as the type 1 uplink transmission power for the corre-
sponding carrier. Here, the UE can apply the same AT,
MPR_, and A-MPR_ to determine the type 1 maximum
transmission powers for respective serving cells.

The UE adds up the type 1 uplink transmission powers in
step 620. Next, the UE determines whether the sum of the
type 1 uplink transmission powers is greater than the type 2
maximum transmission power in step 625. Here, the type 2
maximum transmission power is determined based on the
following parameters:

Praraxs for cells involved in uplink transmission;

PPowerCZass of UEs

P-MPR at corresponding time point; and

AT, MPR_, and A-MPR_ used for determining type 1

maximum transmission powers.

If the sum of the type 1 uplink transmission powers is
greater than the type 2 maximum transmission power at step
625, the UE reduces the type 1 uplink transmission powers
such that the sum of the type 1 uplink transmission powers
is equal to the type 2 maximum transmission power in step
630. For example, the UE divides a difference between the
sum of the type 1 uplink transmission powers and the type
2 maximum transmission power by a number of type 1
uplink transmission powers and subtracts the resulting value
from the respective type 1 uplink transmission powers. Next,
the UE determines the reduced type 1 uplink transmission
powers as the final uplink transmission powers for the
respective carriers in step 635.

If the sum of the type 1 uplink transmission powers is
equal to or less than the type 2 maximum transmission
power at step 625, the UE determines the type 1 uplink
transmission powers as the final uplink transmission powers
for the respective carriers in step 640.

FIG. 7 is a block diagram illustrating a configuration of a
UE according to the first exemplary embodiment of the
present invention.

Referring to FIG. 7, the UE according to an exemplary
embodiment of the present invention includes a transceiver
705, a controller 710, a multiplexer/demultiplexer 720,
higher layer devices 725 and 730, and a control message
processor 735.

The transceiver 705 receives data and control signals on
downlink channels of the serving cell and transmits data and
control signals on uplink channels of the serving cell. In a
case where multiple serving cells are configured, the trans-
ceiver 705 performs data and control signal transmission/
reception in the multiple serving cells.

The controller 710 checks scheduling commands, e.g.,
uplink grants, received by the transceiver 705 and controls
the transceiver 705 and the multiplexer/demultiplexer 720 to
perform uplink transmission with an appropriate transmis-
sion resource at an appropriate time. That is, the controller
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710 determines type 1 maximum transmission power per
carrier for uplink transmission according to formulas (1) to
3.

The controller 710 also determines the type 2 maximum
transmission power according to formulas (4) to (6). Next,
the controller 710 determines the type 1 uplink transmission
power by comparing the required transmission power with
the determined type 1 maximum transmission power per cell
as shown in step 615 of FIG. 6. The controller 710 also
determines the final uplink transmission power per serving
cell by comparing the sum of the type 1 uplink transmission
powers for individual serving cells with the determined type
2 maximum transmission power. The controller 710 also
controls the transceiver 705 to perform uplink transmission
with the final uplink transmission power determined per
carrier.

The multiplexer/demultiplexer 720 can multiplex the data
generated by the higher layer devices 725 and/or control
message processor 735. The multiplexer/demultiplexer 720
also can demultiplex the received data to be transferred to
the higher layer devices 725 and 730 and/or the control
message processing unit 735.

Each of the higher layer devices 725 and 730 is configured
per service. The higher layer devices 725 and 730 process
the data generated by a user service such as File Transfer
Protocol (FTP) or VoIP and deliver the process result to the
multiplexer/demultiplexer 720 or process the data from the
multiplexer/demultiplexer 720 and delivers the process
result to the service applications of a higher layer.

The control message processor 735 processes the control
message received from the eNB and takes an appropriate
action. That is, the control message processor 735 extracts
the uplink transmission power configuration information per
serving cell, e.g., Pry., 5. per serving cell, from the control
message and delivers the extracted information to the con-
troller 710.

Second Exemplary Embodiment

The displacement of P, is important information
referenced by the eNB for uplink scheduling. The second
exemplary embodiment of the present invention proposes a
method for reporting the displacement of P,,,» when the
displacement of P,,, - of the UE becomes greater than a
predetermined value.

The second exemplary embodiment of the present inven-
tion may use the Power Headroom Report (PHR) MAC
Control Element (CE) of the related art rather than intro-
ducing a new control message for reporting P/, -

The PHR MAC CE is the control message for the UE to
notify the eNB of the Power Headroom (PH) of the UE.
Here, PH is the difference between P, and required
transmission power. One PHR includes PHs of multiple
serving cells. PHR is triggered when a predetermined con-
dition is fulfilled and multiplexed in a MAC PDU in the first
uplink transmission.

In the present exemplary embodiment, the PHR trigger
condition includes the condition where the displacement of
Parixs becomes equal to or greater than a predetermined
value.

FIG. 8 is a diagram illustrating a structure of a PHR for
use in an uplink transmission power configuration method
according to an exemplary embodiment of the present
invention.

Referring to FIG. 8, PHR is composed of a 1-byte bitmap
805 and a plurality of PHs 810 and 820 paired with P 5.
815 and 825. The bitmap 805 indicates the serving cells for
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which PH is included. The PHR includes PHs for the serving
cells activated at the time when the PHR is triggered, and
Peasax, 18 included selectively. If there is only one serving
cell in an active state or no redundant uplink carrier is
configured, the PHR is formed as a combination of a bitmap
and a PH/P ey v,

In a case where there is only one serving cell in active
state, Pyzyx 15 reported in the Py, 5 field of the related
art. In a case where there is more than one active cell, a new
field is introduced to report Py, 4». That is, Py 1
reported in the P, 5. field when there is only one active
cell since Py, and Py, 1 are equal to each other and in
a separate field when there is more than one active cell since
the Pryyy v and Py, are different from each other.

In a case where there is more than one active cell, the eNB
notifies the UE of the existence of the P, ;- field using a
predetermined bit of the bitmap. The predetermined bit can
be the last bit of the bitmap.

FIG. 9 is a diagram illustrating a structure of PHR for use
in an uplink transmission power configuration method
according to a second exemplary embodiment of the present
invention.

FIG. 9 shows a PHR format 905 for use in the case where
only one active cell exists and another PHR format 910 for
used in the case where more than one active cell exists. That
is, the first PHR format 905 includes a P, , - field con-
taining P, for the active cell. The second PHR format
910 is used when PHR is triggered according to the change
of Peassxo-

In a PHR function configuration state, the eNB can
configure a P, x» report in order for the UE to report
Pcagaxs or not. That is, the eNB sends the UE a one-bit
information indicating whether P_,,,+- is to be reported. If
the P, ..+ report is configured positively, the UE sends a
PHR containing P, -

FIG. 10 is a flowchart illustrating a method for transmit-
ting a PHR according to the second exemplary embodiment
of the present invention.

Referring to FIG. 10, the displacement of Py, -
becomes greater than a predetermined value so as to trigger
PHR in step 1005\. PHR is triggered when the path loss of
a reference cell (i.e., path loss reference cell) changes more
than a predetermined amount among the active cells or a
predetermined time duration elapses after transmission of
the PHR. If the path loss in a certain serving cell A is
referenced for another serving cell B, this means that the
pass loss of the serving cell A is referenced for determining
the uplink transmission power in the serving cell B. Accord-
ingly, when the serving cells A and B are identical with each
other, the uplink transmission power can be determined
using the path loss of the downlink channel of each cell.
When the serving cells A and B are different from each other,
the uplink transmission power can be determined using the
path loss on respective downlink channels. In this case, the
eNB informs the UE of the path loss reference cell through
RRC signaling. The UE calculates P,,,+, using formulas
(4), (5), and (6) and, if the P, +» has changed by more than
a predetermined amount as compared to the most recently
received value, the PHR is triggered.

The UE calculates PH per serving cell according to a
predetermined method in consideration of the existence of
uplink transmission in step 1010. That is, the UE calculates
PHs of the cells currently in an active state. At this time, the
UE calculates PH in a different manner according to whether
a certain serving cell has real uplink transmission. The UE
uses <PH calculation method 1> for the serving cell having
real uplink transmission and <PH calculation method 2> for
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the serving cell having no real uplink transmission. <PH
calculation method 1> is defined as follows.

PH Calculation Method 1

PH=RealP sz x,.~Real PUSCH power

The real Py 5. is the maximum transmission power of
the serving cell ¢ which is determined by formulas (1), (2),
and (3) in a situation where a real MAC PDU is transmitted.
Formula (3) can be modified to formula (7) in consideration
of P-MPR_.

Pengax 1..~MIN{Prapix~P-MPR T o Peaax wo~

MPR,~4-MPR ~T¢} )

The real PUSCH power is the transmission power
required for transmitting MAC PDU while guaranteeing a
predetermined transmission quality. The PUSCH power of
an i” subframe in the serving cell ¢ is calculated using
formula (8) with the number of resource block Mp sy (1),
power offset induced from MCS A, , path loss PL_, and
TPC command accumulation value f (i).

PUSCH power(i)={10 log,o(Mpusca..(i))+
P, o,PUSCH,c(/')"'ac(/')'P Lc"‘ATF,c(i)"fc(i)} (8)

In formula (8), PL_ denotes the path loss in the cell
configured to provide the service cell ¢ with the path loss.
That is, the path loss used for determining uplink transmis-
sion power in a certain serving cell is the path loss of the
downlink channel of the corresponding cell or the path loss
of the downlink channel of a different cell. The path loss to
be used is notified by the eNB to the UE in the call setup
process.

In formula (8), f.(i) denotes the accumulation value of
Transmission Power Control (TPC) in serving cell c.
Py prrecm,. denotes a higher layer parameter composed of
cell-specific and UE-specific values. o denotes the weight
applied to the path loss when the uplink transmission power
is calculated using the 3-bit cell-specific value provided
from higher layers. As o increases, the influence of the path
loss to the uplink transmission power increases.

PH Calculation Method 2

PH=Reference Pcyqy,.~Reference PUSCH power

The Reference P,y . denotes the maximum transmis-
sion power in the cell having no real uplink transmission.
Since no real uplink transmission occurs, the maximum
transmission power has no real meaning but is used to
calculate PH. The Reference P, . is the value obtained
using formulas (1), (2), and (7) when P-MPR_, T, and
A-MPR_, are all set to 0. The reason why the parameters are
set to 0 is to notify the eNB of the value of Reference
Pearax,. without a separate report for Peyzyy .. In other
words, if one of the parameters is set to a non-zero value, the
eNB cannot be aware of the P,y used in the PH
calculation such that it is necessary to report Py, . sepa-
rately. However, it is difficult to acquire an accurate Py 5.
from PH for the serving cell having no real uplink trans-
mission. Accordingly, the parameters for the serving cell
having no real uplink transmission are set to 0 in order to
negate the report of inaccurate information, resulting in
removal of inefficiency.

The Reference PUSCH power is calculated by applying
formula (8) under the assumption of scheduling of 1 trans-
mission resource block with the lowest MCS. That is,
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Mposcr (1) as Reference PUSCH power is set to 1, and
Ay s set to the lowest value of 0 as shown in formula (9).

PUSCH power(i):{P o,PUSCH,c(]')"'ac(]')'P Lc"‘fc(i)} 9

The UE calculates PHs of the serving cells currently in an
active state using <PH calculation method 1> and <PH
calculation method 2>, and the procedure proceeds to step
1015.

The UE determines whether a number of currently active
uplink serving cells is greater than 1 in step 1015. The uplink
serving cell means the serving cell configured for uplink
transmission. If the number of currently active uplink serv-
ing cells is 1, the procedure goes to step 1020 and, otherwise,
if the number of currently active uplink serving cells is
greater than 1, goes to step 1025.

At step 1020, the UE generates PHR in the format as
denoted by reference number 905 of FIG. 9. The PHR
includes PHs of the serving cells in an active state, and the
Peasax, field contains Py yx». Since the Peyyyy» and the
Pcasax, are identical with each other when only one active
uplink serving cell exists, it is not necessary for the UE to
report the P,,,5-» separately. Accordingly, when there is
only one active uplink serving cell, the UE does not report
Perraxo-

At step 1025, the UE generates PHR in the format as
denoted by reference number 910 of FIG. 9. That is, the UE
configures the first byte of the PHR to indicate the PHs
included in the corresponding PHR. The last bit of the first
byte is used for indicating whether P, filed exists. If
PHR is triggered due to the change of P, 1, the UE inserts
Parixs in PHR and sets the last bit of the first byte to 1.
Next, the UE inserts the PHs of the uplink serving cells in
an active state. In a case where PH is calculated using the PH
calculation method 1 (ie., using real Py, and real
PUSCH power, or if there is real uplink transmission in the
corresponding serving cell), the UE reports Pryzyx,. t00.
Otherwise, if PH is calculated using the PH calculation
method 2 (i.e., using reference P,y and reference
PUSCH power, or if there is no real uplink transmission in
the corresponding serving cell), the UE does not report
Perraxe

The UE inserts P,,, - in the last byte. The UE can insert
the value obtained by subtracting the sum of the uplink
transmission powers for use in the active uplink serving cells
from P, .+ rather than P, ., 5 itself.

Finally, the UE encapsulates the generated PHR in a MAC
PDU and transmits the MAC PDU to the eNB in step 1030.

The UE according to the second exemplary embodiment
of the present invention is identical with that of the first
exemplary embodiment except for the operations the mul-
tiplexer/demultiplexer.

In the second exemplary embodiment, the controller
determines whether PHR is triggered, calculates PHs for
active serving cells, Ppy 5, and P,/ 5, generates PHR,
and delivers the PHR to the multiplexer/demultiplexer. The
multiplexer/demultiplexer according to the second exem-
plary embodiment multiplexes the PHR from the controller
into a MAC PDU and transfers the MAC PDU to the
transceiver.

As described above, the uplink transmission power con-
figuration method and apparatus of exemplary embodiments
of'the present invention is capable of determining the uplink
transmission power efficiently while minimizing the inter-
frequency band or inter-cell interference and maintaining the
required transmission powers for aggregated uplink carriers
as much as possible in the mobile communication system
supporting carrier aggregation.
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While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the present invention as defined
by the appended claims and their equivalents.

What is claimed is:

1. A method of a terminal supporting carrier aggregation,
the method comprising:

receiving uplink scheduling information for performing

uplink transmission in at least two serving cells from a
base station;

identifying a first uplink maximum transmission power

for a first serving cell among the at least two serving
cells;

identifying a second uplink maximum transmission power

for a second serving cell among the at least two serving
cells;

identifying a third uplink maximum transmission power

for the terminal; and

identifying a transmission power based on the first uplink

maximum transmission power, the second uplink maxi-
mum transmission power, and the third uplink maxi-
mum transmission power,

wherein the at least two serving cells are carrier aggre-

gated for the terminal.

2. The method of claim 1, wherein a lower limit of the
third uplink maximum transmission power for the terminal
is identified based on a maximum power reduction (MPR)
parameter, an additive-maximum power reduction (A-MPR)
parameter and a p-maximum power reduction (P-MPR).

3. The method of claim 1, wherein an upper limit of the
third uplink maximum transmission power for the terminal
is identified based on information on maximum allowed
transmission power of each of the at least two serving cells
and information on power class of the terminal.

4. The method of claim 1, wherein the identifying of the
first uplink maximum transmission power and the second
uplink maximum transmission power comprises applying an
identical maximum power reduction (MPR) parameter and
an identical additive-maximum power reduction (A-MPR)
parameter to the first serving cell and the second serving
cell.

5. The method of claim 4, wherein the identical MPR
parameter and the identical A-MPR parameter are applied to
the first serving cell and the second serving cell, when the
first serving cell and the second serving cell are operating on
the same frequency band and adjacent to each other.

6. The method of claim 1, wherein the identifying of the
first uplink maximum transmission power and the second
uplink maximum transmission power and the third uplink
maximum transmission power comprises applying an iden-
tical MPR and an identical A-MPR.

7. The method of claim 1, wherein the identifying of the
transmission power comprises:

reducing, when a sum of the first uplink maximum

transmission power and the second uplink maximum
transmission power is greater than the third uplink
maximum transmission power, the first uplink maxi-
mum transmission power and the second uplink maxi-
mum transmission power equal to the third uplink
maximum transmission power; and

identifying the reduced first uplink maximum transmis-

sion power and the reduced second uplink maximum
transmission power as the transmission power.

8. The method of claim 1, wherein the identifying of the
transmission power comprises,
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Identifying, when a sum of the first uplink maximum
transmission power and the second uplink maximum
transmission power is equal to or less than the third
uplink maximum transmission power, the first uplink
maximum transmission power and the second uplink
maximum transmission power as the transmission
power.

9. A terminal supporting carrier aggregation, the terminal

comprising:
a transceiver configured to transmit and receive a signal;
and
a controller configured to:
receive uplink scheduling information for performing
uplink transmission in at least two serving cells from
a base station,

identify a first uplink maximum transmission power for
a first serving cell among the at least two serving
cells,

identify a second uplink maximum transmission power
for a second serving cell among the at least two
serving cells,

identify a third uplink maximum transmission power
for the terminal, and

identify a transmission power based on the first uplink
maximum transmission power, the second uplink
maximum transmission power, and the third uplink
maximum transmission power,

wherein the at least two serving cells are carrier aggre-
gated for the terminal.

10. The terminal of claim 9, wherein a lower limit of the
third uplink maximum transmission power for the terminal
is identified based on a maximum power reduction (MPR)
parameter, an additive-maximum power reduction (A-MPR)
parameter and a p-maximum power reduction (P-MPR).

11. The terminal of claim 9, wherein an upper limit of the
third uplink maximum transmission power for the terminal
is identified based on information on maximum allowed
transmission power of each of the at least two serving cells
and information on power class of the terminal.

12. The terminal of claim 9, wherein the controller is
further configured to apply an identical maximum power
reduction (MPR) parameter and an identical additive-maxi-
mum power reduction (A-MPR) parameter to the first serv-
ing cell and the second serving cell for identifying the first
uplink maximum transmission power and the second uplink
maximum transmission power.

13. The terminal of claim 9, wherein the identical MPR
parameter and the identical A-MPR parameter are applied to
the first serving cell and the second serving cell, when the
first serving cell and the second serving cell are operating on
the same frequency band and adjacent to each other.

14. The terminal of claim 9, wherein the controller is
further configured to:

apply an identical MPR and an identical A-MPR, when
identifying the first uplink maximum transmission
power, the second uplink maximum transmission
power and the second uplink maximum transmission
power.

15. The terminal of claim 9, wherein the controller is

further configured to:

reduce the first uplink maximum transmission power and
the second uplink maximum transmission power to
make the sum of the first uplink maximum transmission
power and the second uplink maximum transmission
power equal to the third uplink maximum transmission
power, when a sum of the first uplink maximum trans-
mission power and the second uplink maximum trans-
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mission power is greater than the third uplink maxi-
mum transmission power, and

identify the reduced first uplink maximum transmission
power and the second uplink maximum transmission
power as the transmission power.

16. The terminal of claim 9, wherein the controller is

further configured to:

identify the first uplink maximum transmission power and
the second uplink maximum transmission power as the
transmission power, when a sum of the first uplink
maximum transmission power and the second uplink
maximum transmission power is equal to or less than
the third uplink maximum transmission power.

#* #* #* #* #*
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